The ClpB chaperone forms a hexamer ring and rescues aggregated proteins in co-operation with the DnaK system. Each subunit of ClpB has two nucleotide-binding modules, AAA (ATPase associated with various cellular activities)-1 and AAA-2, and an 85-Å (1 Å = 0.1 nm)-long coiled-coil. The coiled-coil consists of two halves: wing-1, leaning toward AAA-1, and wing-2, leaning away from all the domains. The coiled-coil is stabilized by leucine zipper-like interactions between leucine and isoleucine residues of two amphipathic α-helices that twist around each other to form each wing. To destabilize the two wings, we developed a series of mutants by replacing these residues with alanine. As the number of replaced residues increased, the chaperone activity was lost and the hexamer became unstable. The mutants, which had a stable hexameric structure but lost the chaperone activities, were able to exert the threading of soluble denatured proteins through their central pore. The destabilization of wing-1, but not wing-2, resulted in a several-fold stimulation of ATPase activity. These results indicate that stability of both wings of the coiled-coil is critical for full functioning of ClpB, but not for the central-pore threading of substrate proteins, and that wing-1 is involved in the communication between AAA-1 and AAA-2.
INTRODUCTION
Protein aggregation is one of the major damaging consequences of a stressful condition such as heat shock. Not only removals but also reactivations of heat-aggregated proteins are needed for the thermotolerance of Escherichia coli [1] . Bacterial ClpB, and its eukaryotic homologue Hsp104, is a molecular chaperone involved in the recovery of cells from heat-induced damage and is unique in its activity to rescue stress-damaged proteins from an aggregated state in co-operation with the DnaK/Hsp70 chaperone system [2] [3] [4] [5] . Such disaggregation activities have been demonstrated for ClpB/Hsp104 in several organisms in vitro [6] [7] [8] [9] [10] [11] [12] .
ClpB is an AAA+ [expanded superfamily of AAA (ATPase associated with various cellular activities)] protein and has two sets of AAA+ modules in a single polypeptide, AAA-1 and AAA-2 from the N-terminal ( Figure 1A ) [13] . Each AAA+ module contains a RecA-like nucleotide-binding subdomain, including Walker A and Walker B consensus sequences, and an α-helical subdomain. Besides these two AAA+ modules, ClpB has two structural domains, the N-terminal domain and the coiled-coil domain [14] . The N-terminal domain is a globular α-helical domain and has little interaction with other domains. The coiledcoil is only found in ClpB/Hsp104 among the AAA+ proteins. It is 85 Å (1 Å = 0.1 nm) long and is tethered to the α-helical subdomain of the AAA-1 module at its centre. As with many other AAA+ proteins, ClpB forms a ring-shaped hexameric structure and is stabilized by ATP binding to AAA-1 [15] [16] [17] [18] [19] [20] . The coiledcoils are located at the periphery of the ring [14, 21] .
ClpA, another member of the AAA+ protein family, is a component of ClpAP protease [22] , which is a barrel-shaped ATPdependent protease comprising a ClpA hexamer ring and a ClpP 14-mer protease chamber. ClpA captures substrate proteins and translocates them to the inside of the ClpP chamber by passing them through its ring for degradation. Although ClpB resembles ClpA, it cannot bind ClpP because of the absence of the ClpPbinding motif [22] . Weibezahn et al. [1] developed a ClpB mutant containing the ClpP-binding motif of ClpA and named it BAP. In the absence of ClpP, as in the case of wild-type ClpB, BAP could co-operate with the DnaK system and reactivate aggregated proteins. In the presence of ClpP, however, the substrate proteins were degraded by the BAP-ClpP complex. These results supported the threading model in which aggregated substrate proteins pass through the central pore of the ClpB ring for disaggregation. It has also been demonstrated that the coiled-coil is needed for coupling the threading action of ClpB with the chaperone activity of DnaK, though the mechanism of the coupling is not known [23] .
We have earlier demonstrated that the relative position and motion of the coiled-coil are critical for the chaperone activity of ClpB [14] . In the absence of nucleotides, the coiled-coil might be relatively parallel to the main body of ClpB. By ATP binding to AAA-1, the coiled-coil leans toward AAA-1, as seen in the crystal structure. In this conformation, the ClpB hexamer ring is stabilized and the ATPase activity of AAA-2 appears to be stimulated [24] . However, how the conformational change concerns the chaperone function of ClpB is still unclear.
In the present study, we evaluated the contribution of stability of the coiled-coil to the structure and function of ClpB. The coiledcoil resembles a two-wing propeller with one wing (wing-1) leaning toward AAA-1 and the other wing (wing-2) leaning away from all the domains ( Figure 1A ). As with other coiledcoil structures, each of these wings is formed by two amphipathic α-helices twisting around each other and stabilized by leucine zipper-like hydrophobic interactions [25] . We generated a series of mutants in which leucine and isoleucine residues of these interactions were substituted with alanine, and the coiled-coil structure of each wing was destabilized to various degrees. The results suggest that rigidity of both wings is important for the hexamerization and chaperone activity of ClpB but not for the binding and central-pore threading of substrate proteins, and that wing-1 particularly contributes to controlling the ATP hydrolysis rate by mediating the communication between AAA-1 and AAA-2.
EXPERIMENTAL

Plasmids
A plasmid containing the gene for ClpP from Thermus thermophilus, pET23a-TClpP, was constructed as follows. A DNA fragment containing the tclpp gene sequence was prepared with PCR by using Ex-taq DNA polymerase (Takara). The whole genome of T. thermophilus was used as template. As the forward primer, an oligonucleotide containing an NdeI site and a 5 -end sequence of the tclpp gene was used; as the reverse primer, an oligonucleotide containing a 3 -end sequence of the tclpp gene and a BamHI site was used. The amplified DNA fragment was cloned into the NdeI and BamHI sites of pET23a (Novagen). The cloned sequence was confirmed by DNA sequencing. Sitedirected mutagenesis was performed by the overlap extension PCR method [26, 27] using Ex-taq DNA polymerase (Takara). The recombinant plasmid pMCB1 [7] containing a gene for ClpB from T. thermophilus was used for the mutagenesis template. The mutations were confirmed by DNA sequencing.
Proteins G6PDH (glucose 6-phosphate dehydrogenase) from Bacillus stearothermophilus was purchased from Unitika; α-glucosidase from B. stearothermophilus, α-casein, and κ-casein were purchased from Sigma; and rabbit pyruvate kinase and hog lactate dehydrogenase were purchased from Roche. DnaK, DnaJ, GrpE and ClpB and its mutants from T. thermophilus were expressed in E. coli and purified, as described [24, 28, 29] . ClpP from T. thermophilus was expressed in E. coli BL21(DE3) carrying pET23a-TClpP. The cells were suspended in buffer [25 mM Tris/HCl, pH 7.5, 1 mM EDTA and 5 mM DTT (dithiothreitol)] and sonicated. The cell extracts were heat-treated at 80
• C for 30 min and centrifuged at 9000 g for 30 min. The supernatant was applied to a QAE-Toyopearl column (Tosoh), equilibrated with buffer (25 mM Tris/HCl, pH 7.5, 1 mM EDTA and 5 mM DTT), and the column was eluted with a linear gradient of sodium chloride (100-300 mM) in the same buffer. Fractions containing ClpP were pooled and solid ammonium sulfate was added to a concentration of 1.2 M. The solution was applied to a butyl-Toyopearl column (Tosoh) equilibrated with buffer (25 mM Tris/HCl, pH 7.5, and 1 mM EDTA) containing 1.2 M ammonium sulfate. The column was washed with the same buffer and eluted with the same buffer without ammonium sulfate. Fractions containing ClpP were pooled and applied to a PD10 gel-filtration column (GE Healthcare) to exchange the buffer for 50 mM Mops/NaOH, pH 7.5, 150 mM KCl and 5 mM MgCl 2 . The ClpP fractions were frozen with liquid nitrogen and stored at − 80
• C until use. In this article, concentrations of all proteins have been expressed as protomers with the exception of GrpE (as a dimer), ClpB (as a hexamer) and ClpP (as a 14-mer).
Gel-filtration analysis
Purified wild-type or mutant ClpB (1.73 μM) in 50 mM Mops/ NaOH, pH 7.5, 150 mM KCl, 5 mM MgCl 2 , and 2 mM ATP if needed, was pre-incubated for 1-2 min at 55
• C. Then the mixture was centrifuged for 1 min (no obvious precipitation). An aliquot (100 μl) of the solution was loaded in an HPLC gel-filtration column (TSK G-3000SWXL, Tosoh). The column was preequilibrated and the protein was eluted at a flow rate of 0.5 ml/min at 55
• C using the same buffer. The elution of proteins was monitored by absorbance at 290 nm. Molecular mass standards used were thyroglobulin (669 kDa), ferritin (440 kDa), DnaKJ complex from T. thermophilus (319 kDa), catalase (232 kDa), G6PDH from B. stearothermophilus (212 kDa) and aldorase (158 kDa). Elution profiles of the heat-stable standard proteins (DnaKJ complex and G6PDH) at 55
• C were the same as those at 20
• C, ensuring that the column properties did not change at high temperature.
Reactivation of heat-inactivated proteins
Substrate proteins (0.2 μM, as protomers) were dissolved in 250 μl of the reaction mixture (50 mM Mops/NaOH, pH 7.5, 150 mM KCl, 5 mM MgCl 2 , 1 mM DTT and 3 mM ATP). The reaction mixture was incubated for 8 min at 72
• C for G6PDH or for 10 min at 73
• C for α-glucosidase, and subsequently the temperatures were lowered to 55
• C with concomitant supplementation of the indicated chaperone components. After 90 min incubation at 55
• C, the recovered enzymatic activities were assayed as follows: G6PDH activity was assayed at 55
• C by the absorbance at 340 nm in the assay solution (100 mM Tris/HCl, pH 8.8, 40 mM MgCl 2 , 1 mM NADP + and 3 mM glucose 6-phosphate) [30] and α-glucosidase activity was assayed at 55
• C by the absorbance at 405 nm in the assay solution (50 mM sodium phosphate, pH 6.8, and 2 mM p-nitrophenyl-α-D-glucopyranoside).
FITC-casein binding assay
FITC was purchased from Dojin. κ-Casein (300-500 μM) was incubated with 2.5 mM FITC in 50 mM potassium phosphate buffer (pH 6.8) for 2 h at room temperature (20 • C). Unreacted FITC was removed by the HPLC gel-filtration column (TSK G-3000SWXL, Tosoh, Japan). The indicated concentration of ClpB was pre-incubated with 3 mM ATP[S] (adenosine 5-[γ -thio]triphosphate) in buffer (50 mM Mops/NaOH, pH 7.5, 150 mM KCl and 5 mM MgCl 2 ) for 5 min at 55
• C. FITCcasein (0.014 μM) was added and the incubation was continued for 10 min at the same temperature. Fluorescent polarization of FITC was measured using a FP6500 fluorometer (JASCO, Japan) equipped with polarizers, FDP-223(W), at 55
• C. The excitation and emission wavelengths were 490 nm and 535 nm respectively.
Degradation assay
α-Casein (1.8 μM) in buffer (50 mM Mops/NaOH, pH 7.5, 150 mM KCl and 5 mM MgCl 2 ) was incubated with 0.5 μM ClpP and 0.05 μM ClpB mutants as indicated, in the presence or absence of 3 mM ATP, at 55
• C. After incubation, the proteins in the reaction mixtures were precipitated by 10 % trichloroacetic acid and analysed with SDS/12 % PAGE.
Measurement of ATPase activity
ATPase activities of ClpB were measured spectrophotometrically with an ATP-regenerating system at 55
• C [31] . The assay mixture consisted of 50 mM Mops/NaOH, pH 7.5, 150 mM KCl, 5 mM MgCl 2 , 2.5 mM phosphoenolpyruvate, 0.2 mM NADH, 50 μg/ml pyruvate kinase, 50 μg/ml lactate dehydrogenase, 3 mM ATP, and 0.1 mg/ml α-casein if required. The reaction was initiated by the addition of ClpB mutants into the assay mixture, and changes in the absorbance at 340 nm were monitored in a spectrophotometer V-530 (JASCO, Japan).
RESULTS
The rigid coiled-coil structure is essential for assembly of ClpB hexamer
In the crystal structure of ClpB from T. thermophilus ( Figure 1A ) [14] , the coiled-coil resembles a propeller with two wings in which the α-helix starts at the midpoint of this structure and ends at almost the same point after folding back twice. Each wing, wing-2 and wing-1 from the N-terminal, has three orderly pairs of hydrophobic interactions between the α-helices; that is, Leu 463 Figure 1B ). These leucine and isoleucine residues appear at every seven (or eight in one case) amino acids, similar to a typical leucine zipper [25] . Besides these pairs, two hydrophobic interactions Figure 1C ). We constructed nine mutants of T. thermophilus ClpB in which these hydrophobic pairs were substituted with alanine pairs (Table 1) to destabilize the coiled-coil structure. First, the ability of these mutants to assemble a hexamer ring was tested by gel filtration analysis ( Figure 2 ). Because stable hexamerization of ClpB from T. thermophilus is dependent on high temperature and on ATP binding to AAA-1 [18] , the gel-filtration analyses were performed at 55
• C in the presence of 2 mM ATP. The mutants with two substituted pairs (4A) in each wing, W1-4A and W2-4A, or in both wings, W1-4A/W2-4A, could form a hexamer in a manner similar to that of the wild-type (Figure 2A ). When three pairs in each wing were replaced (6A), the mutants W1-6A and W2-6A could still form a stable hexamer. However, the mutant of both wings, W1-6A/W2-6A, could not do so and was eluted at the position of the monomer or dimer ( Figure 2B ). The mutants in which all hydrophobic pairs in wing-1 (W1-10A) or in wing-2 (W2-8A) were replaced with alanine pairs could not form a stable hexamer, although mixtures of intermediate oligomers were detected in their elution patterns ( Figure 2C ). The mutant of both wings (W1-10A/W2-8A) was eluted at the position of the intermediate oligomer. Although stable hexamerization is dependent on the presence of ATP, wild-type ClpB can form an unstable hexamer even in the absence of ATP because it is eluted as a long-tailing low peak at the position of the hexamer ( Figure 2D ) [18] . Similarly, the W1-10A mutant was eluted as a long-tailing low peak at the position of the hexamer ( Figure 2D ). In contrast, the W2-8A and W1-10A/W2-8A mutants were eluted at the position of the intermediate oligomer ( Figure 2D ).
Significant chaperone activity of ClpB remained only for W1-4A and W2-4A mutants
Using G6PDH and α-glucosidase from B. stearothermophilus as substrates, the chaperone activities of the ClpB mutants to disaggregate the heat-damaged proteins were examined. For this activity, co-operation of DnaK, DnaJ and GrpE (KJE chaperones) is required. As demonstrated previously [28] , G6PDH formed aggregates by 8 min of heat treatment at 72
• C in 3 mM ATP. After the heat treatment, ClpB mutants and KJE chaperones were added and the mixtures were incubated at 55
• C for 90 min. The recovered activities of G6PDH were measured and expressed as a percentage of the G6PDH activity before heat treatment ( Figure 3A) . The mutants W1-4A and W2-4A reactivated heataggregated G6PDH to 40 % and 16 % of the original activity respectively. Under the same conditions, the wild-type recovered 65 % of the original activity. Other mutants reactivated the heat-aggregated G6PDH at a poor yield of less than 7 %. Comparable results were obtained for the heat-aggregated α-glucosidase ( Figure 3B ): 41 % reactivation yield for the wildtype, 27 % for W1-4A, 11 % for W2-4A and less than 4 % for the other mutants. The effect of the addition of inactive mutants on chaperone activity of wild-type ClpB was examined under the conditions in which the reactivation yield of heataggregated G6PDH was dependent on the concentration of ClpB ( Figure 3C ). When a 4-fold amount of mutant relative to the wild-type was added, the yield of reactivation (43 %) decreased to 9 % (W1-6A), 7 % (W1-10A), 16 % (W2-6A), 37 % (W2-8A), 14 % (W1-4A/W2-4A), 22 % (W1-6A/W2-6A), and 28 % (W1-10A/W2-8A). The mutants that could form a stable hexamer, W1-6A, W2-6A, and W1-4A/W2-4A, effectively inhibited the chaperone activity of the wild-type. In contrast, the mutants that could not form a stable hexamer, W2-8A, W1-6A/W2-6A, and W1-10A/W2-8A, showed a relatively low effect of inhibition. Meanwhile, the W1-10A mutant that could form a hexamer but the hexamer was destabilized by ATP could effectively inhibit the chaperone activity of the wild-type. These results suggest that the two wings of the coiled-coil are concerned with the cooperative action required for disaggregation activity. • C, the fluorescent polarity of FITC increased. The extents of the increase of fluorescent polarities were plotted against the concentrations of ClpB (Figure 4) . The apparent K d value was calculated by fitting these data to a scheme in which a ClpB hexamer binds an α-casein, and the K d of wild-type ClpB was estimated to be 0.02 μM. When the W1-6A/W2-6A mutant, which could not form a stable hexamer, was used instead of wild-type ClpB, the apparent K d was estimated to be 1.3 μM (Figure 4) . These results are consistent with previous reports that ATP-dependent hexamerization is essential for stable substrate interaction [21, 32, 33] . W1-6A, W2-6A, and W1-4A/W2-4A retained the ability for ATP-dependent hexamerization but lost the chaperone activity. The abilities of these mutants to bind FITC-casein were also tested ( Figure 4) . The K d values of these mutants were estimated to be 0.03 μM, 0.11 μM and 0.11 μM for W1-6A, W2-6A and W1-4A/W2-4A respectively, and thus comparable with that of the wild-type, although the values for W2-6A and W1-4A/W2-4A were slightly higher. These results suggest that the defects in chaperone activities of these mutants are not due to the defects in substrate binding.
W1-6A, W2-6A, and W1-4A/W2-4A could exert threading of soluble denatured protein
BAP is a ClpB mutant containing the ClpP-binding motif of ClpA [1] . Because BAP can bind ClpP and degrade α-casein in an ATP-dependent but KJE-independent manner, it is a good tool to test the central-pore threading ability of ClpB, independent of KJE [1] . We constructed TBAP, the BAP mutant of ClpB from T. thermophilus containing the ClpP-binding motif of ClpA from T. thermophilus. In TBAP, the amino acid sequence Leu 714 -Val 735 of ClpB was replaced with the sequence Tyr 601 -Leu 623 (YNVGPAIGFTSKEVDTESPLKAL) of ClpA. As in the case of the E. coli protein, TBAP could also bind ClpP from T. thermophilus, and degrade α-casein in an ATP-dependent but KJE-independent manner ( Figure 5 ). We combined TBAP with the W1-6A, W2-6A, and W1-4A/W2-4A mutants, and tested their threading activities: all mutants tested could degrade α-casein, in co-operation with ClpP, and the degradation rates were comparable with that of TBAP-ClpP ( Figure 5 ).
The wing-1 mutants have high ATPase activities
The ATP hydrolysis rates of the mutants were measured ( Figure 6A ). Remarkably, all wing-1 and wing-2 mutants showed more activities than that of the wild-type. On examination, ATPase activities of the wing-1 mutants were observed to increase as the number of mutations increased, and the W1-10A mutant gained a more than 5-fold activity. In contrast, the wing-2 mutants did not show such a tendency. Except for the W1-4A/W2-4A mutant, the combined mutants showed very low ATPase activities, approx. 10 % of the wild-type. In all cases, 1.2-to 2-fold stimulations of ATPase were observed by addition of α-casein. We had previously generated mutations by replacing the essential lysine-threonine sequence in the Walker A motif with alanine-alanine in each of the AAA-1 and AAA-2 modules [18] . These mutants, 1KT/AA (for AAA-1) and 2KT/AA (for AAA-2), could not bind nucleotides to AAA-1 and AAA-2, and their ATPase activities represented the inherent activities of AAA-2 and AAA-1 modules respectively. The sum of the ATPase activities of these two mutants was far smaller than the activity of the wild-type, suggesting that the small, inherent ATPase activities of both modules are greatly stimulated by communication between the two AAA modules. We constructed coiled-coil mutants by combining the wing-1 mutants and wing-2 mutants with 1KT/AA and 2KT/AA, measured their ATPase activities, and assessed the effects of the coiled-coil mutations on the inherent ATPase activities of the two AAA modules ( Figure 6B) . As in the case of the wild-type, the inherent ATPase activities of all these mutants remained low. The inherent ATPase activities of both AAA modules tended to be activated by the wing-1 mutations but inhibited by the wing-2 mutations. α-Casein stimulation was observed for all mutants except for the wing-2 mutants with 2KT/AA.
DISCUSSION
The coiled-coil domain of ClpB is stabilized by three pairs of leucine:leucine residues, five pairs of leucine:isoleucine residues and a pair of leucine:valine residues between the two helices.
Substitution of these pairs by alanine:alanine pairs should cause destabilization of the coiled-coil domain; we therefore evaluated the effect of stability loss of the coiled-coil domain on the structure and function of ClpB. Concerning ATP-dependent stable hexamerization and chaperone activity, mutants were classified into three groups (Figures 2 and 3) . One group, a two-pair substitution in one wing, showed a stable hexameric structure and significant chaperone activity. The second group, a more than four-pair substitution in one wing or more than six-pair substitution in two wings, lost their ability for stable hexamerization and chaperone activity. The third group, a threepair substitution in one wing or four-pair substitution in two wings, retained the ability for ATP-dependent hexamerization but lost the chaperone activity. The third group mutants were hexamers unable to exert the chaperone function and were good targets to study the mechanism. They could bind and thread soluble denatured protein and inhibit the chaperone activity of wild-type ClpB. Although the second-group mutants could also inhibit the chaperone activity, the effects were lower than that of the thirdgroup mutants. These results suggest that the mutated subunits incorporated in the hexamer disturbed its chaperone activity. Thus, we think that the two wings are concerned with the co-operative action required for the disaggregation activity but not the binding and central-pore threading of substrate proteins.
As seen, the effect of destabilization of each wing is almost symmetrical; that is, the same degree of destabilization of each wing resulted in the same degree of defect. This is rather surprising considering the different location of the two wings in the threedimensional structure; that is, wing-1 is in contact with AAA-1 but wing-2 with none. It is tempting to think that wing-1 and wing-2 act as a single rigid bar whose 'melting' at any segment would hamper the functioning. Concerning ATPase activity, however, the effect of destabilization was asymmetric between the two wings ( Figure 6A ). The wing-1 mutants had large ATP hydrolysis activities: the greater the destabilization of the coiledcoil domain, the larger the increase in ATPase activity. The wing-2 mutants did not exhibit such increase in ATPase activity. Because the inherent ATPase activities of both AAA-1 and AAA-2 are small ( Figure 6B ), the greater part of the ATPase activities of the wild-type and the mutants should have originated from the communication between the two AAA+ modules. Therefore, the high ATPase activity of the wing-1 mutants might be the result of a change in this communication. We have previously proposed [24] that the coiled-coil domain mediates the communication between AAA-1 and AAA-2 by the following mechanism: (i) AAA-1 binds ATP; (ii) the coiled-coil domain leans toward and wing-1 interacts with AAA-1 in the same subunit; and (iii) ATPase activity of AAA-2 is stimulated. We assume that steps (ii) and (iii) proceed differently in the wing-1 mutants, and that the ATPase activity of AAA-2 is overly stimulated. In this context, it is interesting to observe that oligomer assembly of the wing-1 mutant with the most stimulated ATPase (W1-10A) was destabilized by ATP ( Figures 2C and 2D) . We speculate that with the weakened coiled-coil of wing-1, ATP binding to AAA-1 does not induce the proper structural change suitable for stable hexamerization, rather it destabilizes the hexameric state [18, 24] . A recent study has demonstrated that fixing the coiled-coil structure of the edge of wing-1 by a disulfide bond between the genetically introduced cysteine pair causes a loss of disaggregation activity of ClpB [23] : this suggests that the partial unfolding of the edge of wing-1 is necessary for chaperone action of ClpB. In contrast, our results indicate that the rigidity of wing-1 is important for chaperone action of ClpB. Considering these results, we think that the structural interconversion of wing-1 between the coiled-coil state and the unfolded state is important, and that the wing-1 mutants might lose the balance of these two states. We also suggest that wing-2 has its own role in the disaggregation activity of ClpB, which should be clarified.
Finally, it is worth mentioning TBAP, the BAP mutant of ClpB from T. thermophilus. As reported for E. coli BAP, TBAP could bind ClpP from T. thermophilus and degrade the denatured protein in an ATP-dependent manner. Moreover, we found that some ClpB mutants could thread substrate proteins but could not exert disaggregation. These results reconfirm that the threading activity is important but not sufficient for the disaggregation activity of ClpB/Hsp104 [23] .
AUTHOR CONTRIBUTIONS
Yo-hei Watanabe, Yosuke Nakazaki and Ryoji Suno performed the experiments; Yo-hei Watanabe and Masasuke Yoshida supervised the project and wrote the manuscript.
